Health education is a fundamental process in strategies to inform and involve patients with effective health management. Nevertheless, challenges exist in motivating patients to engage with health information. This paper describes a study which evaluated user engagement with generic and tailored digital formats of interactive health education for diabetic patients. We recruited 18 participants, nine of whom viewed a diabetic education booklet, and the remaining subjects viewed electronic personalised education. Eye tracking was used to measure visual engagement with the artefacts, and the users provided feedback regarding the aesthetics and usability of the education. The findings indicated that for both artefacts the participants attended predominantly to the text content. Moreover, for the personalised education, it was found that images that had been personalised in accordance with user characteristics received a greater amount of attention than non-tailored images.
INTRODUCTION
Having access to health information can assist an individual to become more knowledgeable about their health needs and better able to exercise informed choices about their healthcare [1, 2] . However, whilst access to printed and online health education has proliferated, many health consumers experience reduced ability to engage with the information acquired [1] . Health literacy is a set of communication and cognitive skills which assist an individual to use health information to make daily and longer-term health decisions [3, 4] . Nevertheless, while health literacy may impact an individual's capability to use health information, the quality attributes of health education artefacts may also reduce their comprehensibility for consumers [5] . For many patients printed educational materials such as leaflets and booklets provide a trusted form of health information [5, 6] . However, studies have found that the content, format and readability of written artefacts do not always match the information needs and literacy competencies of all patients [7, 8] . There are concerns that if educational materials are incongruent with patients' literacy skills then some patients may misunderstand the information given or disengage with further healthcare [9] .
In order for a patient to process and subsequently recall health information they must be attentive to the information provided [10, 11] . Nevertheless, a challenge exists in identifying methods of providing health information that will encourage patients to engage with the material. Reviews of health behaviour change interventions have described how tailored health communications have been effective in motivating health consumers to engage with positive behavioural changes [12, 13] . One means by which tailoring could be applied to attract the attention of a patient is to present health education as self-referential. Personalisation is a technique that incorporates recognisable characteristics of an individual (e.g. an individual's name) into a health message in order to enhance the relevance of the information for that person [11, 14] . Perceiving a message as self-relevant may intensify central processing of the message by an individual [11, 14] . This paper describes a study which explored the engagement behaviour exhibited by a user when viewing either a generic education booklet for diabetic patients or web-based personalised diabetic patient education. Diabetes is a chronic condition in which the body may not produce sufficient amounts of the hormone insulin, or may not be able to use the produced insulin effectively [15, 16] . The medical complications of diabetes can include cardiovascular disease and neuropathy, moreover the condition can have a psychological impact on an individual resulting in increased stress or depression [15, 16] . The prevalence of diabetes is increasing worldwide as it is estimated that 415 million people are currently diagnosed as diabetic [15] . Managing diabetes can be a demanding responsibility for the patient and one fundamental approach to assisting patients is through the provision of high-quality education [15, 17] . During this study, groups of participants read either a booklet that was published by a registered UK charity, Diabetes UK [16] , or web-based personalised education as provided by the study authors. A main objective of the study was to identify whether there were any similarities or contrasts in the engagement patterns of individuals when using the different artefacts. Viewing behaviour was recorded and utilised, along with the participants' self-measures of engagement, to uncover patterns of engagement with the two formats of education. The remainder of the paper is structured as follows. Section 2 discusses related research in which eye tracking has been used to examine how health consumers read and utilise health information. Section 3 describes the methodology used in the study. The results of the study are reported in Section 4 and further discussed in Section 5.
RELATED WORK
User Engagement is a multifaceted concept for which various definitions, activities and behaviours have been proposed [18] . For example, it has been suggested that user engagement is revealed through a user's interest and attention towards technology [18] . O'Brien and Toms [18, 19] proposed that engagement "is a quality of user experiences with technology" which is characterised by various dimensions including aesthetic and sensory appeal, interest, motivation and usability. They developed the User Engagement Scale (UES) [20] , a self-report instrument by which users could indicate their engagement with a system with relation to aesthetic appeal, felt involvement, perceived usability, focused attention, endurability and novelty. The UES has been validated as a reliable measure of engagement in various online platforms including news and ecommerce [20, 21] .
A contrasting approach to evaluating an individual's attention towards health information is through analysis of eye gaze activity. Eye tracking is a technique for documenting and quantifying eye movements [22] , and has been employed to appraise users' focus of attention and cognitive load when searching for and using health information [10, 23, 24] . Eye movement data can indicate where the user's interest is directed on a visual display and how the level of interest fluctuates in response to different visual stimuli. Different types of eye movements are evaluated to identify the pattern of user gaze behaviour. The most prominent types of movement used include, (1) a fixation, during which the eye is stationary and focused on a specific area of a visual display, and (2) a saccade, in which the eye moves rapidly between fixations. An individual will perceive visual images only during periods of fixations, and are wholly unable to see during saccades. It has been proposed that the length of a fixation is indicative of the level of cognitive processing being applied towards an object [22, 25] .
Health risk information is often displayed on the packaging of consumer goods such as alcohol. Consequently, much research has focused on examining whether this information is noticeable, and is read by consumers. An eye tracking investigation of attention towards brand information and health information on alcohol and soda packaging found that the subjects spent a larger amount of time viewing branding information [23] . Nevertheless, for all the subjects the size and appearance of alcohol labels did have an impact on viewing time as warning labels that were larger and less complex were attended to for longer periods.
Eye tracking methodologies have also been utilised to investigate the associations between health literacy and the manner in which health information is used and recalled. Mackert et al. [24] used eye tracking to investigate whether there was an association between the information viewed on the Newest Vital Sign (NVS) nutritional label and health literacy competency. They found that subjects with reduced health literacy skills tended to fixate on nonrelevant information for longer periods of time. A study which examined attention towards a text only webpage and a text-illustrated webpage found no association between health literacy competency and the fixation rate or fixation length for the two formats of health information [10] . However, it was found that increased attention to the text of the webpage correlated with increased recall of the information for those with adequate health literacy, but that an equivalent relationship was not found for those with limited health literacy. Conversely increased attention to the illustrations was associated with improved information recall for those with limited health literacy but not for participants that had adequate health literacy. The authors of [26] used eye tracking to examine the gaze behaviour of low literacy adults when viewing a Centers for Disease Control and Prevention (CDC) factsheet, or a literacy appropriate information decision aid. They found that the more densely worded factsheet was more challenging for some participants. Fixation analysis indicated that some participants tended to dwell on certain words and phrases for longer durations, whilst gaze patterns showed that some participants had an unsystematic approach to reading the text, repeatedly re-reading lines of text or looking at the text in a haphazard manner. A literature review did not identify any eye tracking studies that focused on diabetic patient education.
Health education comprises a process which may assist patients to become more activated in decisions about their health. The reviewed literature suggests that health consumers will employ different methods to engage with health information. Moreover, some individuals will not be attentive to all the information provided. Thereby strategies are required that will motivate patients to attend to health education. This paper describes a study which appraised engagement with generic and personalised formats of diabetic patient education. User engagement is driven by various characteristics thereby a dual approach to measuring engagement was employed. The UES provided a means to gather subjective ratings of engagement from the participants themselves, whilst eye tracking afforded evaluation of the participants' visual responses to different aspects of the education. This enabled evaluation of the participants' experience of the visual appeal of the education, whilst also appraising which features of the education attracted most attention.
METHODOLOGY
During the study each participant attended an eye tracking experiment. In the first stage a participant completed demographic information including age, gender and highest qualification, and rated their knowledge of diabetes on a ten-point Likert scale of one to ten (ranging from very limited to expert). The participant also rated their information technology expertise on a ten-point Likert scale of one to ten (ranging from novice to expert). Following this the eye tracking began, and the participant read diabetic patient education (generic or personalised) which was presented on a computer screen. No time limit was set to complete reading the education. When reading was complete the participant was presented with four health questions, and was free to use the education to find answers for the questions. Following this the participant completed the UES.
Participants
A total of 18 subjects participated in the study, which comprised 10 (56%) male and eight (44%) female participants. The background disciplines of the participants included Computer Science (50%, n = 9), Politics (11.1%, n = 2), Museum Studies (5.6%, n = 1), Arts (11.1%, n = 2), English (5.6%, n = 1), and Cookery (5.6%, n = 1).
This was a between-subjects study in which a control group of nine participants viewed a generic education booklet for diabetic patients, and an experimental group of nine participants viewed webbased personalised diabetic education. Before the experiments began each participant was randomly assigned to one of these groups. The control group included six (66.7%) male and three (33.3%) female participants, with an age range of 24 to 36, and a mean age of 31.1 years (SD = 4.31). All of the members of this group had achieved an undergraduate or postgraduate degree. The experimental group included four (44.4%) male and five (55.6%) female participants, with an age range of 19 to 49, and a mean age of 32.9 years (SD = 9.61). Six (66.7%) of the participants in this group had attained an undergraduate or postgraduate degree, and the remaining three participants (33.3%) had a Regulated Qualifications Framework qualification at level 2 or level 3 [27] . The range of information technology and diabetes expertise within the two groups was similar. The average diabetes knowledge score for the control group (3.33 out of 10) was greater than the average score for the experimental group (2.89 out of 10), however the difference between the two scores was not statistically significant (t (16) = -.476, p = .641). Similarly, the mean score for information technology expertise was greater for the control group (6.56 out of 10) when compared to the experimental group (5.89 out of 10), however again the scores did not differ significantly (t (16) = -.514, p = .616).
Diabetic Patient Education

Generic Patient Education Booklet
During the study the members of the control group viewed an introductory booklet for diabetic adults, Understanding diabetes. Your essential guide [28] , which was published by Diabetes UK. This booklet is aimed at patients that have been diagnosed with type 1 or type 2 diabetes, or caregivers of diabetic patients. The participants were required to read a portion of the booklet which covered information related to the diagnosis, management and complications of diabetes. The pages read by the participants contained paragraphs of text and nine images. The content of these pages did not alter during the study thereby all the members of the control group were presented with the same text and images. The average number of words on a page was 225.22 words. The Simple Measure of Gobbledegook (SMOG) readability formula [29] was used to determine the readability of the text. A text with a higher SMOG score may be more challenging to understand for some individuals. The SMOG score was 9.8, and this readability level was understandable for all the members of the group.
Web-Based Personalised Patient Education
Members of the experimental group viewed webbased personalised education. The education was provided through an ontology-based architecture which was previously developed by the authors, and is described in [30] . The education consisted of five web pages which focused on the topics that were included in the generic booklet. The personalised education incorporated both static features which remained constant for all the participants, and personalised features, which varied between participants. For example, the layout of the web pages and the text, headers and sub-headers remained largely consistent for all the participants. Four of the web pages included at least one static image which remained unchanged for all the participants. The personalised features of the education were as follows.
(i) The first line of the first web page comprised a personalised greeting which included the participant's name.
Each of the five web pages contained at least one personalised image which was selected based on the participant's personal characteristics and preferences. For example, Figure 1 illustrates a web page which contains physical activity focused information for a female participant. The two personalised images are gender and age specific and are also contextualised to the preferred sporting activity of the participant.
The physical activity web page contained information that had been personalised to the preferred sporting activity of the participant, and included a Google map that indicated a route from the participant's geolocation to a location for the activity.
In summary, the personalised education contained six static images and seven personalised images. The average number of words per web page was 356.6 words. The SMOG readability score for the education was 7.6, thereby the text content was comprehensible for all the members of the group.
Comparison of the Artefacts
The two artefacts had several comparable features. The content of each focused on the same diabetic health topics and both contained generic images that remained consistent for all participants. However, the SMOG scores indicated that the booklet had lower readability than the personalised education. Features that were unique to the personalised education included using the participant's name, and the inclusion of images that reflected the gender, age group and preferences of the participant.
Eye Tracking
During an experiment a Tobii X60 Eye Tracker was used to record the eye movements of a participant. The eye tracker uses near infrared illumination to detect the user's corneal reflection and in turn identify gaze points on the screen, at time intervals specified by the sampling data rate (60Hz) [22, 31] . The collected data was transmitted to the Tobii Studio software application, where the Tobii I-VT filter [32] was applied to calculate various metrics.
User Engagement Scale
In the last stage of the experiment the participant completed the User Engagement Scale (UES) to report their engagement with the education. Related research had identified an association between perceived attractiveness of health information and an increased likeliness of attending to the information [33] , thereby it was decided to focus on two dimensions of the participants' experience of the education; aesthetic appeal and usability. Two of the UES subscales, Aesthetics (AE) and Perceived Usability (PUs) were adapted for use in the study.
The AE scale focused on a participant's evaluation of the visual appearance of the education [19] . The scale comprised five items that addressed the following aspects of the education.
(i) The aesthetic appeal and attractiveness of the education. (ii)
Whether the education was visually pleasing and appealed to the participant's visual senses.
Whether the participant liked the graphics and images included.
Each item was scored on a five-point Likert scale of one to five (ranging from strongly disagree to strongly agree) with a final sum score within the range of five to 25. A higher end score indicated that the education was perceived as highly aesthetically appealing.
The PUs scale addressed a participant's emotional and cognitive responses to the education [19] . The original scale contained seven items, however it was decided that only six of the items were applicable to the patient education. Thereby the scale used in the study consisted of six items that were scored on a five-point Likert scale of one to five (ranging from strongly agree to strongly disagree) with a final sum score within the range of six to 30. A higher end score indicated that the education was perceived as highly usable. The six items focused on the following qualities of the education.
(i) Whether the education was confusing to use.
Whether the participant felt frustrated, annoyed or discouraged while searching for information in the education.
Whether the participant judged that searching for information in the education was mentally taxing or demanding.
Health Questions
After a participant had completed reading the education they were presented with four health questions, as listed in Table 1 . The information required to answer the questions was available in both education artefacts. Presenting a participant with health questions obliged them to search through the education. This ensured that the participant would have experience of seeking information within the artefact and could effectively evaluate the perceived usability of the education as measured by the items of the PUs scale (as described in Section 3.4). 
Statistical Analysis
The eye tracking metrics for each group were compared using a t-test, or a Mann-Whitney U test for data that was not normally distributed.
Correlations between various eye tracking measures and the UES engagement scores were investigated through use of Pearson's productmoment correlation, Spearman's correlation coefficient or Kendall's Tau.
RESULTS
All of the participants read the required portion of the education, and completed the four health questions and the UES. The mean experiment completion time for the experimental group was 738.56 seconds (SD 237.68), and the mean for the control group was 815.11 seconds (SD 250.47). A comparison of the mean completion times, using a t-test, did not find a significant difference between the two groups (t (16) = -.665, p = .515). There was variation in the question scores achieved by the members of the experimental group; one participant (11.1%) achieved a score of two, while three participants (33.3%) achieved a score of three, and the remaining five participants (55.6%) answered all four health questions correctly. All of the members of the control group achieved a full score of four. Evaluation of the relationships between the health question scores and gaze behaviour found only one statistically significant relationship. For the experimental group a positive correlation was identified between question score and the total number of fixations on the text content (r = .73, p < .05). No relationships were identified between the question scores and the diabetes knowledge scores.
Engagement with the Generic Booklet and the Personalised Education
User Engagement Scale
The distribution of the aesthetics (AE scale) and perceived usability (PUs scale) scores for both formats of education are illustrated in Figure 2 . For each participant, the five individual item scores were summed to provide an overall aesthetics score (out of 25). The scores for the personalised education ranged from 17 to 25, with a mean score of 21.2 (SD 3.31), and for the generic booklet the scores extended from 16 to 25, with a mean score of 20.56 (SD 3.08). Furthermore, t-test analysis did not identify a significant difference between the two sets of scores (t (16) = .442, p = .664). The AE scale comprised five individual items which related to various attributes of engagement. The average scores for each of these items were calculated. For three of the items, aesthetic appeal, attractiveness and visually pleasing, the average score for the web-based personalised education was higher than the average for the generic booklet. However, for the items related to the graphics and images, and the appeal of the education the average scores were equivalent.
For each participant, the six individual item scores were summed to provide an overall perceived usability score (out of 30). For the personalised education the perceived usability scores ranged from 22 to 30, with a mean score of 27.56 (SD 3.0), and for the generic booklet the mean score was 25.0 (SD 3.32) and the range was from 20 to 30. The two sets of scores were not significantly different (U = 23.50, p = .136). The average scores for the six PUs scale items were calculated. The results indicated that for all six items (confused, annoyed, frustrated, discouraged, mentally taxing, demanding) the generic booklet had a reduced score when compared to the corresponding score for the personalised education.
Kendall's Tau was used to examine the relationship between the aesthetics and perceived usability scores. The results for both the generic booklet (τ = .030, p = .914) and the personalised education (τ = .459, p = .114) indicated that no statistically significant relationships existed between the scores for the two factors of engagement. 
Gaze Behaviour
The generic booklet and personalised education comprised two types of educational content which were text and images. However, while the images in the generic booklet would not alter throughout the experiment, for the personalised education the images were further categorised as, (1) static images which remained constant for all participants, and (2) personalised images that would change in accordance with the characteristics of a participant. The first stage of analysis focused on comparing the overall gaze behaviour of the members of the two groups. Tobii Studio was used to define the text and image elements within the education as Areas of Interest (AOI). Various fixation based metrics were then calculated for the AOI. Figure 3 illustrates the proportion of fixations for the different types of content in each education artefact. For both artefacts the majority of fixations were directed at the text content. The percentage of fixations on image components was larger for the personalised education (6%) when compared to the booklet (2%), however this is not surprising as the personalised education contained a larger quantity of images. The booklet contained a larger total of static images (n = 9) than the personalised education (n = 6), however the proportion of fixations on the static images was equivalent (2%). While the personalised education contained a comparable amount of personalised (n = 7) and static images (n = 6), the percentage of fixations on the personalised images (4%) was double the proportion for the static images (2%). The assessment of the overall gaze behaviour suggested that there may be a similarity between the two study groups in the overall proportion of attention directed towards static images. However, in order to clarify whether any similarities or differences existed in the engagement patterns it was decided to evaluate the fixation behaviour of the two groups in relation to, (1) the static images, and (2) the text content of the educational artefacts. Figure 4 indicates the distribution of the total number of fixations on the static images for the members of both groups. With an average of 32.56 fixations per participant (SD 16.76) the mean fixation rate for the control group was larger than the mean rate for the experimental group (19.0 fixations per participant, SD 12.67). T-test analysis did not find a statistically significant difference between the mean fixation 7 count for the two groups, however the low p-value suggests a trend and perhaps greater sample size and statistical power would yield significance (t (16) = -1.94, p = .071).
Static Images
It has been suggested that if elements of visual stimuli appear interesting, appealing, confusing or complex it may be more challenging for an individual to process these, and this may result in a longer period of fixation [22] . Evaluation of the fixation rate had suggested that the control group had attended more to the static images than the experimental group. However, the next stage of analysis attempted to quantify attention by using a temporal measure, fixation duration, which was defined as the length of a fixation in seconds. The average fixation duration per participant was larger for the control group (6.61 seconds, SD 4.18), when compared to the participants in the experimental group (4.1 seconds per participant, SD 3.53). However the mean fixation duration did not differ significantly between the two groups (t (16) = -1.38, p = .186). The metrics analysed to this point assess fixation on the static images. However, it is also useful to comprehend a participant's overall gaze behaviour on an AOI as this can reflect whether the participant returned to an AOI more than once while viewing the education. An AOI visit refers to a participant's observation of an AOI and includes both fixations and saccades. In Tobii Studio a visit to an AOI corresponds to the duration between the beginning of the first fixation on an AOI and the beginning of the first fixation outside that AOI. Evaluation of the visit data suggested that the participants in both groups did revisit the static images whilst reading the education. The mean number of visits to static images for a member of the experimental group was 12.67 visits (SD = 9.54), while for the control group the mean was much higher at 19.44 visits per participant (SD 10.2). However there was no significant difference between the average visits for the two groups (t (16) = -1.46, p = .165).
Relationships between engagement quantifiers
The eye tracking data signified the participants' level of interest in the static images, however it was decided to investigate how this data correlated with the participants' own appraisal of their engagement with the education (as denoted by the AE and PUs scores). Regarding the experimental group, no significant associations were found between the aesthetics scores and the perceived usability scores and any of the eye tracking metrics discussed. In contrast, for the control group statistically significant moderately positive relationships were identified between the aesthetics scores and the total number of fixations (r = .808, p < .01), total number of visits (r = .793, p < .05), and the total fixation duration (r = .779, p < .05) for the static images. However, no significant relationships were found between the perceived usability scores and the eye tracking data for this group.
With relation to the demographic characteristics of the participants, no statistically significant correlations were identified between age and any of the eye tracking metrics or UES scores.
Text Content
The generic booklet had a greater volume of text, and correspondingly the mean time spent fixating on the text for members of the control group (352.1 seconds per participant, SD 183.86) was larger than the mean time interval for members of the experimental group (221.35 seconds per participant, SD 125.91). However, a t-test comparison of the data for the two groups did not find a statistically significant difference (t (16) = -1.76, p = .097). Spearman's correlation was used to determine whether any relationships existed between diabetes expertise and total length of time spent fixating on the text. However, no statistically significant correlations were found either for members of the control group (r s = -.101, p = .795) or the experimental group (r s = -.463, p = .209).
Gaze Pattern Analysis for the Experimental Group
Personalised and Static Images
A key objective of the study was to examine whether the participants that viewed the personalised education were attentive to the personalised features of the education. The inclusion of images that were tailored to correspond with a participant's demographic characteristics comprised the most prominent visual personalised features. Thereby primary analysis focused on assessing whether there was a difference in the gaze behaviour for the personalised and static images. Figure 5 depicts the distribution of the total fixation rate for the personalised and static images for the members of the experimental group. There was variation in the total number of fixations on the two types of images. The mean fixation rate for the personalised images (42.78 fixations per participant, SD 29.81) was more than double the mean rate for the static images (19.0 fixations per participant, SD 12.67). Furthermore, t-test analysis indicated that the fixation rate for the personalised images was significantly larger when compared with the rate for the static images (t (8) = 2.41, p < .05).
The average fixation duration on the personalised images was 8.58 seconds per participant (SD 6.67), which was twice the length of the mean fixation duration on the static images (4.09 seconds per participant, SD 3.53). T-test analysis indicated that the difference between the duration means was very close to significance (t (8) = 2.29, p = .051), however the result was not significant at the .05 level of significance. The mean number of visits per participant to the personalised images was 20.78 visits (SD 12.47), which was larger than the mean visit count for the static images (12.67 visits per participant, SD = 9.54). Moreover, this difference was statistically significant (t (8) = 2.36, p < .05). With relation to the UES scores, no statistically significant correlations were found between the scores for the aesthetics and perceived usability of the personalised education and any of the eye tracking measures (fixation count, fixation length, visit count).
DISCUSSION
Current approaches to patient education include the provision of standardised printed materials to all patients regardless of their demographics such as age and cognitive abilities. However, whilst these materials provide medically verified advice, the information provided may not be accessible for all patients. This suggests that an adaptable approach to providing health education may be beneficial for patients and physicians. Strategies to enhance the efficacy of health communications have included the tailoring of electronic health interventions as appropriate for various demographic, behavioural and health attributes of consumers [34] . Personalisation is a tailoring strategy which attempts to increase the self-relevance of information for an individual, and has been proposed as a means to focus attention on, and encourage central processing of health messages [11, 12] . This paper described a study that evaluated the engagement patterns of users when viewing either a generic or personalised format of health education. Similarities and contrasts were identified in the engagement behaviours of the two groups of participants.
Engagement Behaviour of the Control Group and Experimental Group Members
The first phase of analysis focused on evaluating engagement with generic and personalised diabetic education. Two groups of participants viewed either a generic booklet or web-based personalised education, and engagement patterns for the two groups were compared. The subjects completed the UES, a self-reporting tool through which they rated their experience for two factors of engagement, the aesthetics and perceived usability of the education. An unobtrusive eye tracking device was also used to capture the gaze behaviour of the participants as they read the education. Thereby both subjective ratings and objectively gathered data was assessed. The aesthetics scores for the two formats of education were comparable, however examination of the individual items that comprised the aesthetics scale identified that for three items, aesthetics appeal, attractiveness and visually pleasing, the personalised education achieved a higher average rating. Despite differences between the two groups in the amount of time spent viewing the images, the average score for "liking" the images was equivalent. The average score for perceived usability was higher for the personalised education, however the scores did not differ significantly between the two types of education. The individual items that comprised the perceived usability scale related to the participants' experiences of searching through the education and included emotions such as frustration, annoyance, discouragement and cognitive demand. For all six scale items the generic booklet received less positive ratings when compared to the scores for the personalised education. This suggests that searching for information in the generic booklet was more challenging in comparison with the personalised education. Nevertheless, despite the variance in the perceived usability scores all the participants in the control group correctly completed the four health questions, whilst only five members (55.6%) of the experimental group achieved a full score. It was unclear why there was a distinction in question scores between the two groups. The average diabetes knowledge score for the control group was greater than the mean score for the experimental group, and it is possible that previous knowledge may have contributed to the success of the experimental group. However, there was no significant difference between the mean scores for the two groups, thereby it is impossible to verify whether knowledge of diabetes had an impact on the health question scores for the control group.
Gaze behaviour metrics were used to identify where the visual attention of the participants was located on the education. For the members of both groups most attention was focused on the text content. A comparison of fixation on the text content suggested that the members of the control group spent more time reading the text when compared to the experimental group. However, the generic booklet contained a larger volume of text which may have contributed to the difference in fixation time. There are several reasons why both groups may have spent such a large proportion of their attention on the text. If visual information requires increased cognitive processing then an individual may spend an increased amount of time looking at the information [22, 25] . The ratings for diabetes knowledge indicated that 15 participants (83.3%) had rated their knowledge in the lower half of the scale, thereby it is likely that reading new information and encountering unfamiliar terminology may have resulted in increased attention. However, no relationships were found between level of diabetes expertise and amount fixated on the text. Moreover, it is also probable that the subjects spent longer reading the text content as they were aware that they would be answering questions about the information in the second stage of the experiment.
Appraisal of overall gaze behaviour indicated that the percentage of fixations on static images was equivalent for both groups. However, examination of the data indicated that the participants that viewed the generic booklet fixated on the static images more frequently and for longer time intervals when compared to the experimental group. Moreover, the members of the control group tended to revisit the static images more frequently than members of the experimental group. This behaviour may have been due to the types of images included in the booklet. The images in the generic booklet included a fullpage diagram which explained the function of insulin. The eye tracking data suggests that this diagram was more successful than any other image in the booklet in capturing the attention of the participants (receiving 55% of all fixations). The diagram can be classified as a cognitive illustration, an explanatory image which complements information and assists readers to more fully understand the text content [35, 36] . The remaining images in the booklet and all the static images in the personalised education were affective illustrations. These are illustrations that are used to draw attention to information, augment the attractiveness of the content and enhance the enjoyment of the information for the reader [35, 36] . Cognitive illustrations have been found to attract more attention than other illustrations in some online health information materials [35] . Similarly, in this study the diagram was especially successful in capturing the interest of the control group. Hence, it is probable that the increased level of interest for the diagram contributed to the increased attention towards the static images. Correlation evaluation highlighted an association between increased fixation on the static images by members of the control group and increased aesthetics scores for the generic booklet. However, a similar relationship was not identified for the subjects that viewed the personalised education.
Attention Towards the Web-Based Personalised Education
The second stage of analysis concentrated on the participants that viewed the personalised education. Viewing behaviour suggested that these participants looked at the personalised images more often and for double the length of time than was spent fixating on the static images. The personalised images had been matched to the participant's gender and age group, and there are several reasons why these images derived increased notice. A recent study of engagement with images on Instagram found that photos containing faces were more engaging, receiving more likes and comments, in comparison to photos not containing a face [37] . Thereby as most of the personalised image content represented people, while the static images focused on medical devices and food items, this may have encouraged engagement with the personalised images. Moreover, it is often found that humans have a preference for focusing their attention on people within pictures. For example, during an experiment which presented image pairs comprising a personpresent and person-absent scene, the subjects fixated on the person-present scene first, and for a longer period of time [38] . Participants also have an increased likelihood to quickly locate and fixate on people when depicted in social scenes [39, 40] . Furthermore, several eye tracking studies have identified attentional bias towards human faces in pictures, with a particular focus on the eyes [40, 41] . It has been proposed that enhanced interest in the eyes is due to a tendency for humans to try to infer social information from an individual's eye gaze, and thereby better comprehend the meaning of a scene [39, 42] . It is evident that when viewing images, humans tend to focus their attention on meaningful objects such as people. Thereby, as all of the personalised images contained people, this may have naturally attracted the attention of the participants. Consequently, it is probable that this contributed towards the increased focus towards the personalised images.
LIMITATIONS
The primary limitation of this study is related to the reduced size of the study groups. The volume of eye tracking data collected and the UES based data did provide an adequate amount of data to complete statistical analysis of various attributes of engagement. Moreover, statistically significant and non-significant relationships between engagement attributes were identified for the study population. However, an increased sample size may have highlighted further patterns in the gaze behaviour of the participants, or may have increased the statistical significance of the identified relationships.
CONCLUSION
The paper describes a study which investigated whether any relationships exist between the format of education being used and the engagement behaviour exhibited by an individual. The study evaluated characteristics of engagement for participants that used either a generic education booklet or web-based personalised education. A comparison of overall viewing behaviour determined some similarities between the two groups as it was established that most of the participants' attention was directed towards the text information and less attention was directed towards the images. Moreover, with regard to the participants' experience of the usability and visual appeal of the education no significant difference was found between the two formats of education. Statistical evaluation indicated that attention towards the static images was positively associated with the aesthetic appeal of the generic booklet. This would suggest that for some individuals the inclusion of images may contribute to the visual appeal of health education. However, for both forms of education no associations were found between the usability of the education and the amount of attention directed towards the text and images components.
Analysis of the gaze behaviour of the participants that viewed the personalised education indicated that the attention directed towards the personalised images was twice the amount than was directed towards the static images. Thereby, personalisation of the image content was successful in attracting the attention of the participants. Variations within the gaze behaviour revealed that the participants attended more to images which focused on faces.
The results of the study suggest that there are similarities and distinctions in the manner in which health consumers use different formats of health education. The viewing behaviour indicated that whichever format of education was used, the text content was the primary focus for the participants. This underlines that text content is the central element of a health education artefact for many users and draws most attention. Thereby one approach to improving the usefulness of health education is to ensure that the readability of the text information is comprehensible for the target audience, and focuses on their health information needs. For some of the participants an association was established between aesthetic engagement with the material and the inclusion of images. This indicates that for some individuals the inclusion of images in health education may help to motivate engagement with the material. The viewing behaviour suggests that the inclusion of image content that focuses on persons that a user can identify with may attract the attention of the user. The results indicate that image content can successfully attract the interest of a reader, and this provides an opportunity to improve the efficacy of patient education. Including images that reflect the characteristics and context of the user may encourage increased attention and assist users to identify and engage with the material. Moreover, utilising tailored images to complement the educational focus of the material may assist to inform the user, and enhance the efficacy of the education.
Future Research
The use of eye tracking and the UES tool provided different measures of user engagement. However, user engagement is a multifaceted concept which is challenging to quantify. Accordingly, future research could include an additional method for evaluating participant engagement such as introducing a device that measures physiological signals. For example, using a sensor device to measure heart rate variability or galvanic skin response would facilitate the measurement of natural physiological reactions to the education. This would augment the types of engagement behaviours recorded and enable a multifaceted evaluation of user engagement to be undertaken. 
REFERENCES
